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(57) Abstract 

A checking head (T) includes 
a casing (1), an arm (2) with a 
feeler, movable with respect to the 
casing, and a sensor, such as an in- 
ductive position transducer (5). An 
electronic identifier (27) is fixed to 
a frame coupled to the head (T), 
for storing identifying data relevant 
to the head, information relating 
e.g. to the configuration and cali- 
bration features of the head, and/or 
compensation values obtained in the 
course of the calibration phase car- 
ried out on a suitable testing equip- 
ment. 
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PESCRIPTION 

«HEAD, SYSTEM AND METHOD FOR THE LINEAR DIMENSION CHECKING 

OF A MECHANICAL PIECE» 

5 

Technical Field 

The present invention relates to a head for the linear 
dimension checking of a mechanical piece, including a 

10 support structure, an arm-set, movable with respect to the 
support structure, with an arm and a feeler, coupled to the 
arm, for touching a surface of the mechanical piece to be 
checked, and a sensor, coupled to the arm and the support 
structure, for generating signals depending on the position 

15 of said arm with respect to said support structure. 

The invention also relates to a system for the linear 
dimension checking of a mechanical piece, including a head 
as the one formerly mentioned and a processing unit. 
Furthermore, the invention relates to a method for the 

20 linear dimension checking of a mechanical piece, by means 
of a checking system including said head and a processing 
unit . 

Background hxt 

25 

Gauging or measuring heads of the known type are described, 
for example, in International patent application WO-A- 
98/20297. 

In the known heads, the serial number that identifies each 
30 head is generally indicated on the casing of the head or on 
a plate fixed to the casing. 

Other information, relating to the specific features of the 
individual head, is fundamental for determining the type of 
application that the head is intended for. In the case of 
35 heads as those described in the previously referred to 
International patent application, it is necessary to know, 
for example, among other things, values relating to the 
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arm-ratio (in other terms the relationship existing between 
the entity of the feeler displacement and the entity of the 
consequent displacement of movable elements of the sensor) , 
the force of the thrust spring, the pre- stroke and the 
5 retraction. Some of these values may have been set during 
calibration. 

The information relating to these and other values is 
generally reported on a technical sheet that accompanies 
the head. Furthermore, this information may also be coded 

10 in an alfanumeric sequence and indicated on the plate 
together with the serial number, for the purpose of 
matching in an indissoluble and unequivocal way all the 
information that belongs to the individual head, and for 
enabling anyone who is involved with the specific 

15 application of the head, or has to carry out operations for 
the technical assistance on the head, to identify in a 
rapid and safe manner the characteristics of the head. 
The provision of the alfanumeric sequence (or "code") and 
the matching of the code to the serial number of the 

20 individual head, if, on the one hand, simplifies some 
handling aspects, by overcoming problems that the possible 
loss of the technical sheet or the mismatch of technical 
sheets among different heads may cause, on the other hand 
does not allow to modify- in the course of the lifetime of 

25 the head - the characteristics identified by the coded 
values, unless giving up the possibility of having the 
correct information recorded on the head, or undertaking 
particular and complex procedures for modifying the code. 
With regard to performance, the heads as those described in 

30 patent application WO-A-98/20297 guarantee a high standard 
of measurement repeatability for relatively broad measuring 
ranges (and that obviously depend on the dimensions and on 
the structure of the head and on the type of sensor or 
transducer utilized) . Some factors that do not enable to 

35 obtain extremely high standards of performance - at times 
requested in particular applications - regard the errors 
and the limits in the linearity of the transducer output 
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signal, and entity variations, however small they may be, 
of said signal as a consequence of temperature variations. 

Disclosure of Invention 

5 

An object of the present invention is to provide a gauging 
head that overcomes the disadvantages of the known heads, 
in particular insofar as the handling of the information 
relating to the identification and the usage specifications 

10 of the head are concerned. 

A head according to claim 1 achieves this object and 
provides other advantages. One of these advantages consists 
in the possibility of retaining and handling in a simple, 
rapid and safe manner a great amount of information 

15 relating to the head, in addition to that regarding the 
formerly mentioned usage specifications, as, for example, 
information relating to the technical assistance and/or the 
repair that the head undergoes in the course of its 
lifetime. In this way there is no need to manage separate 

20 documents, generally in the paper form, that, in the case 
of the known heads are added to the documents that identify 
and certify special characteristics of each individual 
head. 

It is another object of the invention to provide a system 
25 and a checking method with at least a head that overcome 
the drawbacks caused by variations in the output signal of 
the sensor due to linearity errors and/or thermal 
variation. 

These and other objects and advantages are achieved by a 
30 system and a checking method according to claims 7 and 10, 
respectively. 

Brief Description of the Drawings 

35 The invention is now described in more detail with 
reference to the enclosed sheets of drawings, given by way 
of non limiting example, wherein: 
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figure 1 is a longitudinal cross-sectional view of a 
gauging head according to the invention, 

figure 2 is a partial view of the head shown in figure 
1, when viewed from the bottom and in the direction 
5 indicated by arrow II, 

figure 3 is an enlarged scale view of a component of 
the head of figure 1, 

figure 4 is a diagram showing a checking system 
according to the invention, 
10 figure 5 is a circuit block diagram of two components 

of the system of figure 4, 

figure 6 is a diagram showing another checking system 
according to the invention, 

figure 7 is a graph showing the variations in the 
15 output signal of a head according to the invention caused 
by thermal variations, and 

figure 8 is a circuit diagram showing some components 
of a checking system according to the invention. 

20 Best Mode for Carrying Out the Invention 

The head T shown in figures 1 and 2 has a support structure 
with a casing 1, substantially of a parallelepipedon-shape, 
and a movable arm- set with an arm 2, substantially arranged 

25 along a longitudinal direction, and a feeler 3 coupled to 
an end of the arm. A fulcrum 4 is coupled to casing 1 and 
to arm 2 for enabling the latter to accomplish limited 
rotational displacements about a transversal axis, while a 
sensor, in particular a position transducer 5, detects the 

30 displacements of arm 2 and generates electric signals 
indicative of these displacements. The transducer 5 is of 
the inductive type (LVDT or half-bridge type) and includes 
windings 6 coupled to casing 1 and a magnetic core 7 
coupled to arm 2 and movable within the windings 6. A 

35 thrust spring 8 is coupled between casing 1 and arm 2 for 
urging the feeler 3 to contact the surface of a mechanical 
piece 10 to be checked. For a more detailed description of 
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a gauging head of this type, particularly suitable for the 
checking of mechanical pieces in the course of the 
machining in machine tools, like grinding machines, 
reference is made to International patent application WO-A- 
5 98/20297. 

A seat 13 is located on a side of the casing 1 and two 
coupling slots 14 and 15 are located on opposite walls of 
the seat 13, near the above mentioned side of the casing 1. 
An electronic identification and storage unit 17, also 

10 shown in figure 3, is housed in the seat 13 and includes a 
reference and protection frame 19 and an electronic 
identifier 27 coupled to the frame. The frame 19 is made 
from plastic material and has an integral structure with a 
base portion 20 from which two elastic locking portions 22 

15 and 23 and two reference overhangs 24 and 25 protrude. The 
overhangs 24 and 25 are pressure -inserted in the slots 14 
and 15 and they locate and lock the electronic unit 17 in 
the seat 13 . 

The electronic identifier 27, of the so-called 
20 "transponder" type, is located and coupled between the 
elastic locking portions 22, 23 and the base 20 of the 
frame 19, and includes, in substance, as schematically 
shown in figure 5, integrated circuits with a memory unit 
30, a receiver and transmitter unit 31, a power supply unit 
25 32/ a drive unit 33, and an antenna 34. 

The illustrated transponder 27 has a substantially cigar 
shape and is 15 mm. long. However, the transponder 27 and 
the associated frame 19 can have other shapes and 
dimensions . 

30 The antenna 34 is, in general, made of a ferrite core that 
supports a winding and communicates with the receiver unit 
31 and the power supply unit 32 by means of an inductive 
coupling. 

The unit 30 includes, for example, an EEPROM type memory 
35 with approximately 1 Kbit read and write memory capacity, 
and is connected in a bidirectional way, by means of the 
drive unit 33, to the receiver and transmitter unit 31. The 
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drive unit 33 and the memory unit 30 are fed by unit 32 
that comprises only passive circuits activated by the field 
of the radio frequency signal received through antenna 34. 
Figure 4 shows a control system including, besides the head 
5 T illustrated in figure 1, a read/write device D and a 
processor, in general a "personal computer", PC connected 
to device D. 

The device D includes an antenna 40 and circuits 41 with a 
connection unit 42, a coding/decoding unit 43 and a 
10 modulation/demodulation unit 44, as schematically 
illustrated in figure 5. 

When the operations required for the calibration and the 
definition of the specific application characteristics of 
an individual head, or, more broadly, a "family" of heads 

15 have been carried out, the values relating to the specific 
configuration of that head are collected (or, by 
statistical processings of the values collected for a 
certain number of heads, the mean values applicable to that 
"family" are determined) . In the case of the heads T of 

20 figures 1 and 2 these values can represent, for example, 
the arm-ratio, the measuring direction, the settings and 
the tolerance with respect to the prestroke and the 
measuring force, etc. 

The collected values (or those statistically determined) 
25 are stored in unit 30 of transponder 27 together with the 
data for identifying each individual head T (serial number) 
by carrying out a simple operation (figure 4) that involves 
the entering of the data in the processor PC and the 
sending of the data to the transponder 27, by means of a 
30 suitable software and the read/write device D. More 
specifically, the data are coded, modulated and transmitted 
by radio frequency through the antenna 40. The signal 
received by transponder 27 through the antenna 34 is 
utilized on the one hand for generating a power supply 
35 voltage in unit 32, and on the other hand for memorizing 
the data in a suitable area of the memory unit 30. A 
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typical value of the frequency utilized for the 
transmission is 125 KHz. 

The stored data are read when there is the need to know 
them (for example, by the operator dealing with the 
5 specific application of the head T, or by personnel 
carrying out technical assistance and/or repair) by 
utilizing a similar read/write device D connected to a 
similar processor PC. In this case, the processor PC sends 
an information request signal - through the device D - to 

10 the transponder 27, and the data stored in unit 3 0 are 
transmitted through the antenna 34 to the antenna 40, read 
by means of device D and displayed in the processor PC. 
During the phases for the bidirectional transmission of 
data and requests, the antennas 34 and 40 reciprocally face 

15 each other at a distance of a few millimeters. To this 
purpose there can be foreseen mechanic reference abutments 
(not shown in the figures) for more rapidly defining the 
correct position of the antenna 40 with respect to the 
casing 1 of the head T. 

20 The transmission occurs through the base portion 20, at a 
side of the casing 1 of the head T, of the plastic frame 19 
that supports the transponder 27, and is unaffected by 
debris or other foreign matter potentially present on the 
external surface of the base 20. The frame 19, besides 

25 enabling the coupling - in a simple and rapid way - of the 
transponder 27 to the casing 1, also guarantees appropriate 
protection of the components of the transponder 27, in 
particular in especially harsh environmental conditions, as 
those existing in the workshops where the heads T of 

30 figures 1 and 2 are utilized. 

Therefore, the presence of the transponder 27, requiring a 
very limited space, enables to store identifying and 
characterizing data in the head T itself, and to extract 
these data in a very simple and rapid manner when 

35 necessary. It is obvious that the handling of these data is 
facilitated and so is the possibility of having access to 
these data for modifying them (for example, when the 
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characteristics of the head T change) and always 
maintaining correct and updated information. Furthermore, 
the possibility of preventing the reading and/or the 
writing of some or all the data stored in transponder 27 
5 (by activating suitable access keys) safeguards against 
undue aquisitions or alterings of data by anyone who is not 
qualified to do so. 

Besides the data already briefly mentioned, in transponder 
27 it is possible to store information relating to 

10 modifications and operations that the head T undergoes in 
the course of its lifetime, in order to have an ever- 
immediate possibility of access to the complete history of 
the head T. Information of this type may include, for 
example, data regarding the maintenance or the repair 

15 (date, type of repair and time taken) , shipping dates, and 
other . 

The operations for the storing and the subsequent reading 
are similar to those previously described. 

Additional information that can be stored in transponder 27 
20 regards the compensation values detected in the course of 
the calibration carried out on a testing equipment and 
intended for being utilized in the course of the operation 
of the head T for improving its performance. More 
specifically, these values can be utilized for correcting 
25 linearity errors of the output signal of transducer 5 
and/or alterations of the latter as a consequence of 
thermal variations. 

As far as the linearity errors are concerned, a sequence of 
operative positions of core 7 within the windings 6 and of 

30 corresponding compensation values of the signal output by 
transducer 5 are obtained in the course of the head T 
calibration carried out on specific testing equipment. The 
sequences are stored, for example in a tabular form, in a 
suitable area of the memory unit 30 of the transponder 27, 

35 by means of the processor PC and the read/write device D, 
by carrying out operations similar to those previously 
described with reference to figure 4 . 
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Figure 6 shows a checking system similar to the one of 
figure 4 including a processing, display and control unit U 
connected, by means of electric cables, to both the head T 
and the device D. 
5 When the head T is used, for example, for checking a 
mechanical piece and before the actual checking operations 
start, the compensation values are read from transponder 27 
by means of a read/write device D and sent directly to the 
processing, display and control unit U that also receives 

10 the output signals of the transducer 5 of the head T. In 
the course of the checking operations, the transducer 5 
signal is corrected in unit U on the basis of the read 
compensation values. As these values are indicative of the 
linearity errors at a discrete, although possibly high, 

15 number of reciprocal positions between the core 7 and the 
windings 6 of the transducer 5, it is furthermore possible 
to process the values, in a known way, by interpolation, 
for compensating the output signal of the transducer 5 in a 
substantially continuous way within the entire operation 

20 range of the head T. 

As an alternative to the defining and the storing of the 
compensation values in a tabular form, the error values 
detected during the calibration phase can be processed for 
obtaining a compensation curve, and the coefficients of its 

25 polynomial (typically of the 3rd degree) can be stored in 
transponder 27. 

The above described procedure enables to achieve 
particularly high standards of performance of the head T 
insofar as accuracy is concerned, in particular near ends 
30 of the the measuring range of transducer 5. Moreover, this 
procedure enables to achieve, without modifying the 
mechanical characteristics of the transducer, a broader 
measuring range while accuracy remains substantially 
unaltered. 

35 _ The compensation values stored in the transponder 27 and 
utilized by the head T during operation can be directly 
read in the course of the operations for the calibration of 
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the head T, as previously described, or can be obtained by 
statistical processings of data detected during the testing 
of a certain number of heads that belong to a same 
"family", in other terms that have common characteristics. 
5 By utilizing the compensation values thus achieved for all 
the heads belonging to a same w f amily" , it is possible to 
considerably improve accuracy, even in those cases in which 
there is not required an extremely high level of 
performance, as that which would be achieved by the 
10 individual detecting of the linearity errors to be 
compensated. 

As an alternative to the direct connecting of the 
read/write device D to the processing, display and control 
unit U shown in figure 6, it is also possible to read the 
15 compensation values stored in the transponder 27 of the 
head T by means of the processor PC shown in figure 4, and 
enter these values in another known way in the processing 
unit U. 

Another possible compensation regards the repeatability 
20 errors of the head T generated by temperature variations 
that cause alterations of the characteristics of the 
transducer 5. More specif cally, as schematically shown in 
figure 7, where the s axis stands for the displacement of 
the feeler 3 and the M axis indicates the measurement 
25 detected on the basis of the output signal of transducer 5, 
the straight line M 0 represents the measurement detected as 
the displacement s varies at a reference temperature t 0 , 
and the straight line M^. indicates the same measurement at 
a reference temperature t T other than t 0 . The straight 
30 lines are bound by the following equation: 

= M 0 + [k, (t T - t 0 )] + [Mo k 2 <t T - t 0 )] 
that does not consider terms of a higher order, that are 
generally negligible. 

The term [k 2 (t T - t 0 ) ] , or "zero drift", indicates the 
35 measurement variation, as the temperature varies, at the 
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zero position of transducer 5 (s = 0) and is indicated by- 
reference D 0 in figure 7. 

The term [k 2 (t T - to)], or "sensitivity drift", indicates 
the measurement variation caused by variations in the 
5 transducer sensitivity as the temperature varies. 

With reference to figure 7, it can be stated that the term 
[k x (t T - t 0 ) ] indicates the distance between the two 
straight lines Mj and M 0 at s = 0, while [k 2 (t^ - t 0 ) ] 
indicates the angle formed by the two straight lines. 

10 The values of the coefficients k L and k 2/ that enable to 
find the trend of the measurement TA? when the reference 
straight line M 0 and the temperature difference (t T - t 0 ) 
are known, are detected in an experimental way during the 
calibration of the head T. As already described with regard 

15 to the compensation of the linearity errors of the 
transducer 5, in this case too the values of the 
coefficients k x and k 2 can be detected and individually 
utilized for each single head T, or be defined in the 
design phase, or detected on the basis of a statistical 

20 processing, in particular as mean values of the data 
relating to a certain number of heads that have common 
characteristics and utilized for compensating any head that 
has these characteristics. Both the methods provide worthy 
improvements in the repeatability of the heads, even 

25 though, obviously, the improvements provided in the first 
case are more evident . 

As far as the operations required for the storing of the 
value of the coefficients in the transponder 27 and their 
transfer to the processing, display and control unit U are 
30 concerned, they are identical to those previously described 
with reference to the other information stored in, and 
transferred to, the transponder 27. 

In order to compensate, in processing unit U, the errors 
due to the thermal variations, it is mandatory, as already 
35 mentioned, to detect the temperature variation (t T - t 0 ) 
with respect to a reference temperature. For this purpose 
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there can be utilized a temperature sensor of a known type 
(for example, a "thermistor") inserted in the head T. 
As an alternative, and according to a characteristic of the 
formerly described head T, indications relating to the 
5 temperature variation can be obtained by employing the 
components of the position transducer 5 for detecting 
variations in the electric resistance of the windings 6 and 
by processing these variations with data that identify the 
characteristics of the material from which the windings are 
10 made. More particularly, the temperature variation can.be 
calculated in the following way 

(t T - t 0 ) = (R T - R 0 )/a 
where (R T - R 0 ) is the resistance difference of the windings 
6 of the transducer 5 at temperature t, with respect to a 
15 reference temperature, and a is a constant that depends on 
the type of material . 

Figure 8 shows the power supply and processing circuits 
that can be utilized with transducer 5, the latter being of 
the so-called "half bridge" type. Figure 8 shows a source 
20 of alternating voltage 50 and a source of direct voltage 
51, an adder 52, a drive circuit 53 with a shunt resistance 
54, an amplifier 55, a low pass filter 56, a second adder 

57, an attenuation circuit 58 and circuits 60 for 
conditioning the output signal of transducer 5. 

25 An alternating voltage V AC for the power supply of the 
transducer and a direct voltage V DC are provided by the 
sources 50 and 51, respectively, and added in the adder 52. 
At point A the voltage is kept substantially constant by 
the drive circuit 53 and the voltage drop at the ends of 

30 the shunt resistance 54 is amplified (55) and filtered (56) 
to eliminate the alternating component (point B) . An off- 
set voltage V os , obtained, through the attenuation circuit 

58, from the direct voltage generated by source 51, is 
subtracted (57) from the voltage V B so obtained, to get a 

35 voltage V B , at point B' that is provided to external 
processing means to detect and calculate the temperature 
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variation. The attenuation circuit 58 is properly set, in a 
known way, so that the voltage V os is substantially the 
value that V B assumes in correspondence of a reference 
temperature t 0 . As a consequence, V B , = 0 when t = t 0 . 
5 The variations of the resistance R of the windings 6 as the 
temperatute changes cause current variations and consequent 
changes in the voltage drop at the ends of the shunt 
resistance 54, and in voltages V B and V B ,: by periodically 
detecting the latter voltage V B( it is therefore possible 
10 to calculate the resistance variation (R, - R 0 ) with respect 
to a reference value R 0 correspondening to temperature t 0/ 
and to get the temperature change that is the cause of such 
resistance variation. 

The calculation iR? - R 0 ) made on the basis of the voltage 
15 difference detected at point B 1 involves known quantities 
like the value of the off-set voltage V og , the gain of the 
circuits 53 and 55 and the value of resistance 54, 
according to equations that are not provided for the sake 
of simplicity, 

20 The conditioning circuits 60 provide the output signal of 
the transducer 5 at point 0 and are of a known type herein 
not described in detail . 

According to the above description, the use of the 
transponder 27 housed in the casing 1 of the head T 

25 provides the possibility of storing different types of 
information (identification, characteristics, calibration, 
compensation, ...) that are bound to the head T in an 
indissolubile way and can be read in a simple, rapid and 
orderly way by inexpensive and common means, like the 

30 read/write devices D. 

Different embodiments of the invention are possible, e.g. 
as regards the structure of the head (shape and arrangement 
of movable arm, feeler and fulcrum, kind of sensor that may 
include a switch, etc.) and of the reference and protection 

35 frame. Moreover, the transponder 27 can be differently 
arranged, for example it can be coupled, by means of a 
proper frame, to a portion of the electrical cable of the 
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head (a cable is shown in figures 1 and 2) . In this way it 
is possible to assemble the transponder 27 to a head having 
a support structure lacking the dedicated seat 13. 
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CLAIMS: 

1. Head (T) for the linear dimension checking of a 
mechanical piece (10) including 
5 • a support structure (1) , 

• an arm-set, movable with respect to the support 
structure, with 
an arm (2) and 

a feeler (3), coupled to the arm (2), for touching a 
10 surface of the mechanical piece to be checked, and 

a sensor (5,6,7), coupled to said arm (2) and to said 
support structure (1) , for generating signals depending 
on the position of said arm (2) with respect to said 
support structure (1) , 
15 the head also including an electronic identification unit 
(17) with an electronic identifier (27) for storing 
identifying data relevant to the head, and a reference and 
protection frame (19) for the electronic identifier. 

20 2. A head according to claim 1, wherein the support 
structure (1) defines a seat (13) , the electronic 
identification unit (17) being housed in said seat (13) . 

3. A head according to claim 1 or claim 2, wherein the 
25 electronic identifier (27) includes storage means (30) , and 
transmitter and receiver means (31,34) for the wireless 
transmission and the reception of the identifying data 
relevant to the head. 

30 4. A head according to claim 3, wherein said transmitter 
and receiver means include an antenna (34) and a radio 
frequency receiver and transmitter unit (31) . 

5. A head according to claim 4, wherein the reference and 
35 protection frame (19) includes reference portions (24,25) 
for locating and locking the position of the electronic 
identification unit (17) in the seat (13) , and elastic 
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locking portions (22,23) for cooperating with the 
electronic identifier (27) for locking its position on said 
frame (19) . 

5 6. A head according to claim 5, wherein the reference and 
protection frame (19) has an integral structure made from 
plastic material. 

7. System for the linear dimension checking of a 
10 mechanical piece (10) with a head (T) according to one of 

the previous claims, a processing unit (PC,U) and a 
read/write device (D) connected to the processing unit 
(PC,U) and including receiver and transmitter means (40,41) 
adapted for transmitting and receiving data to and from 
15 said electronic identification unit (17) of the head (T) by 
means of a wireless communication. 

8. A system according to claim 7, wherein said receiver 
and transmitter means (40,41) are adapted for receiving and 

20 transmitting data by way of a transmission of radio 
frequency modulated electric signals. 

9. A system according to claim 8, wherein said processing 
unit includes a processing, display and control unit (U) 

25 connected to the head (T) and adapted for receiving said 
signals of the sensor (5) of the head (T) , the processing, 
display and control unit (U) being adapted for receiving, 
through the read/write device (D) , compensation values 
stored in the electronic identification unit (17) and 

30 processing said compensation values with the signals of the 
sensor (5) of the head (T) . 

10. A method for the linear dimension checking of a 
mechanical piece by means of a checking system according to 

35 one of claims from 7 to 9, including the following steps 
• testing and setting up of the head (T) including 
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calibrating the head (T) by utilizing a testing 
equipment , 

detecting, in the course of the calibrations and upon 
the occurring of specific displacements of the feeler 
5 (3) , alterations of the signals of the sensor (5) with 

respect to a theoretic trend, and 

storing the values indicative of the detected 
alterations in the electronic identification unit (17) , 
by means of the read/write device (D) , and 
10 • carrying out, by means of the head (T) , checking 
operations including 

transferring values indicative of the detected 
alterations from the electronic identification unit (17) 
to the processing unit (PC,U) , by means of the 
15 read/write device (D) , 

sending the signals of the sensor (5) upon the 
occurring of displacements of the feeler (3) to the 
processing unit (U) , and 

processing, in the processing unit (IT) , said signals 
20 of the sensor (5) and said values indicative of the 

detected alterations for compensating the trend of the 
first with the second ones. 

11. The method according to claim 10, wherein said 
25 processing in the processing unit (U) includes operations 

for the interpolation of said values indicative of the 
detected alterations for obtaining further values 
indicative of the alterations of the signal of the sensor 
(5) with respect to a theoretic trend, upon the occurring 
30 of displacements of the feeler (3) that do not correspond 
to performed detections. 

12. The method according to claim 10 or claim 11, wherein 
the calibrations and the detectings are performed on a 

35 plurality of heads, and the step of carrying out testing 
and setting up operations of the head (T) includes a 
statistical processing of the detectings taken on the 
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plurality of heads for obtaining the values indicative of 
the detected alterations. 
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